2016 /'\/h
)esign Training

Erpo

High-Strength Reinforcing &
Hber-Reinforced Concrete
Design

Steve Nolan, P.E.

State Structures Design Office FDQT}S
Design Technology UmtStructures Standards Group -




HSR& FRMesign: Outline

Part 1: HigHStrength
Reinforcing (HSR)

Alntroduction

ATypes of HSR
ADesign Rules
ABenefits
AChallenges
AExample Applications

Part 2: FibefReinforced

Concrete (FRC)

Alntroduction

AWhat is FRC?
ADesignand Testing
ABenefits
AChallenges
AExample Applications

20t6_|——

?esign Training
- Expo




2016 /,J \!
)esign Training

Exrpo
Part 1.

High-Strength Reinforcing
(HSR for Concrete Design




HSR Design: INntroduction

High-Strength Reinforcing andConcrete$ A OE C 1

outlook:
A Designerswill be challenged with greater expectationsand new
responsesfor these enhancednaterials.

A Traditionalconcepts of ductility and linear elastiplastic
response and analyses will be challenged. Probabiliseaability

and psuedoductility of composite structural systems may need
to replace, traditional concepts of safety margins and minimum

ductility requirements of component materials.

A Strainbased design is increasingly being used as a more
consistent design approach across a variety of materials rather
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HSR Design: Introduction (cont.)

A Structural Codes of Practice (AASHTEDS, ACI 318, AISC Steel Design
Specifications,Eurocode?2, fib Model Code 2010, and many others
worldwide) have already moved partially in this direction in the last-29
years with the adoption of LRFD based design specifications which set up a
framework to implement and refine structural reliability concepts, through
Strength Limit State calibration to past practice.

Alnthe U.S.) ! 3 ( 4/ & Qs cBreently iBvolved in efforts to calibrate the
Fatigue and Service Limit States to provide uniform levels of reliability for
design. The Service Limit State is perhaps even more challenging than
Strength and Fatigue Limit States since failure is defined by a broader range
of responses some of which are somewhat arbitrarily defined based on
successful past practice. These responses include: Deformations; Durabilit
Aesthetics; and even perceptions of safety and comfort (crack widths,

vibrations, etc.).

A Replaceability Resiliency and Sustainability are also becoming increasingly
important to some owners. These are difficult to assign into our current Limi
State categories and may require definition in the future @nother if we

want to consistently quantify them. |
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HSR Design: Introduction (cont.)

High Strength Reinforcing

A AASHT@QRFD BD&dopted design provisions for use of 100 ksi
reinforcing steel (for Seismic Zone 1) in tlZ913 Interims

A ONCHRP Project IZZwasinitiated to provide an evaluation of existing
AASHTO LRFBridge DesignSpecificationsrelevant to the use of high
strength reinforcing steel and other grades of reinforcing steel hanimg
discernableyield plateau. An integrated experimental and analytical
program to develop the data required to pernttie integration of high
strength reinforcement into the LRFD Specification we8 O £l O AA 8
(AASHTO Bridge Committee, Ballot Iltem Background2®®011)

A Final project report wasNCHRP Repofi790 $ A EQDihcrete
Structures Using HigBtrength Steee AET &£ OAAT A1 O6

A SDG 1.4-2016 expanded to allow reinforcing for design :
A <Grade 75 for WWR;

A with prior SDO approvap Grade 60 for ASTM A615, A955 & A1035
(100ksi)
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http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=366
http://www.trb.org/Main/Blurbs/165124.aspx

HS CDesign: Introduction (cont.)

High Strength Concrete
AAASHTQRFD BD&dopted provisions for use

of 10 ksi 15 ksi concrete in 2013 & 2015 Interi,..o.

A NCHRP RepCﬂSQS-Application of the LRFD Bridge Design Specifications to High

Strength Structural Concrete: Flexure and Compressidarovisions (5/28/200NCHRP Project
1264)

A NCHRP RepCﬁsvg-Applicaﬂon of the LRFD Bridge Design Specifications to High
Strength Structural Concrete:ShearProvisions(8/31/2006 NCHRP Project 126)

A NCHRP Rep(ﬁOB - Transfer, Development, and Splice Length for

Strand/Reinforcement in HighStrength Concrete (5/28/200#NCHRP Project 260)

ASDG 1.4:2016 addedrable 1.4.2for Minimum 28Day
Compressive Strength for Design

A < 8.5 ksi forConventional Project§DesignBid-Build)

A <10 ksi* for NorConventional Projects (DesigBuild, PPP, etc.)
* No standard concrete class > 8.5 ksi8pecification 346. 20 16/;J
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http://www.trb.org/news/blurb_detail.asp?id=8375
http://www.trb.org/Main/Blurbs/158608.aspx
http://www.trb.org/Main/Public/Blurbs/157097.aspx

HSR Design: Introduction (cont.)

Structural Elements that may benefit from HSR:
1. Large difference between Strength and Servideoads

2. Not sensitive to modest increase in deflections:

3. Good Candidates:

V' Wind Loadsgovern (e.g. Noise Wallg Post and/or Panels)

V' ExtremeEvent controls(e.g. TrafficRailings; Truckmpacted
Bridge Column**; Shidmpacted substructures;

V' CombinedAxiatFlexure Designs = Heavily Congested Drilled
Shatfts.

** Not Pile Bentand Piers Caps in Florida, due to 24 ksi Service IlI
tension limit.

4. Poor Candidates

x  Buried Structures (e.g. Box Culverts, Drainage Structures);
x  Bridge Pier Caps.
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HSR Design: Types of HS Rebar

ALow-carbon Chromium SteefasT™ A103% Grade 100 1)
AStainless SteelasT™ A276 or ASTM A955Grade 75)
AWelded Wire Reinf(ASTM A1064 Grades 6575, )

ACarbonstee

(ASTM A615/A706 Grade 7%= )

ACarbon FR

AGlass FRIRebaruTsso - 125si)

ABasalt FRARebar

Rebar (UTS 166210 ksi)
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HSR Design: Types of HS Rebar

AFDOTSpecificationsSection 931

931-1 Reinforcement Steel (for Pavement and Structures).
931-1.1 Steel Bars:

931-1.1.1 Carbon Steel Bars: ——
steel bars for concrete reinforcement shall conform to the requirements of ASTM A615
Grades 60 or 75 except that the process of manufacture will not be restricted. For processes not
included in ASTM A615 the phosphorus content will be limited to 0.08%.

931-1.1.2 Stainless Steel Bars: Stainless steel bars for concrete reinforcement
shall conform to the requirements of ASTM A955. Grades 60 or 75: or ASTM A276.
UNS S31653 or S31803.

931-1.1.3 Low-Carbon Chromium Steel Bars: Low-carbon chromium steel bars
for concrete reinforcement shall conform to the requirements of ASTM A1035 Grade 100.

Carbon

931-1.2.2 Stainless Steel Wire Reinforcement: Plain and deformed stainless
steel wire reinforcement shall meet the requirements of ASTM A276. UNS S30400.

931-1.2.3 Acceptance of Wire Reinforcement: Acceptance of wire
reinforcement shall be based on the manufacturer’s certified mill analysis certifying that the test
results meet the specification limits of the ASTM designation for the particular sizes and any

additional requirements. Prior to use. submit to the Engineer the manufacturer’s certified mill

analysis for each heat and size per shipment.
931-1.3 Carbon Steel Welded Wire Reinforcement:
931-1.3.1 PlainCarbon Steel Welded Wire Reinforceinement-Steel: Laless

stherwiseshowninthe PlansplatnwWelded wire reinforcing steel shall meet the requirements 2914 y /
of ASTM A1064. ) SN .
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http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/931redln716.pdf

HSR Design: Types of HS Rebar

AFDOTSpecificationsSection 932

932-3 Fiber Reinforced Polymer (FRP) Reinforcing Bars.

932-3.1 General: Use onlv solid round thermoset pultruded glass fiber reinforced
polymer (GFRP) or carbon fiber remnforced polvmer (CFRP) remforcing bars. All FRP
reinforcing bars shall meet the requirements of ACI 440.6 following the test methods from
ACIT 440.3. Use only GFRP bars manufactured using glass fibers classified as E-CR or R that
meet the requirements of ASTM D578. Meet the additional requirements of this Section
following the sampling frequency and number of specimens required by ACI 440.6.

Table 3-1
Size and Strength of FRP reinforcing bars
e . ~ [Nominal Cross| Maximum f "s. Guaranteed Ultimate
Bar Size Nominal Bar | 57— — | . — — :
Designation | Diameter (in) Sechopaﬁl Area |Cross Sec_‘nzonal Tensile Strength (ksi)
— Areall) "GERP Bars | CFRP Bars
2 1/4 0.049 0.058 125 210
3 3/8 0.110 0.132 120 190
4 12 0.196 0.234 110 170
5 5/8 0.307 0.367 95 160
[ 3/4 0.442 0.529 92.5 160
7 78 0.601 0721 9 -
8 1 0.785 0.942 85 -
9 1-1/8 0.994 1.192 32.5 -
10 1-1/4 1.227 1.472 80 - 2016 /‘J
—
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http://www.dot.state.fl.us/programmanagement/Implemented/SpecBooks/July2016/Files/932redln716.pdf

HSR Design: Types of HS Rebar

Source:Louis N.Triandafilou P.E FHWAOffice of Infrastructure R&D (2012) 20’6/’\_/ .:
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